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A system for recording an image as digital data comprises a 
photosensor array and a plenoptic set, including a main lens 
and a lenticular grating, to enable the photosensor array to 
obtain plenoptic image data from the sheet. A subset of the 
plenoptic image data is selected, such as according to a pre 
determined object distance, to obtain image data for a focused 
image. The subset of the plenoptic image can be selected after 
the scanning, so that prescanning of an unusual-shaped 
image-bearing object, such as an open book, is avoided. 
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PLENOPTIC SYSTEM FOR RECORDING 
IMAGES FROM SHEETS 

INCORPORATION BY REFERENCE 

[0001] The following US. patents are hereby incorporated 
by reference, each in its entirety, for the teachings therein: 
US. Pat. Nos. 5,076,687; 6,763,141; 7,038,184; and 7,170, 
644. 

TECHNICAL FIELD 

[0002] The present disclosure relates to scanning systems 
for recording original images on sheets, such as Would be 
used in of?ce-equipment and printing contexts. 

BACKGROUND 

[0003] In recent years a technology knoWn as “plenoptics” 
has started to become realiZable. In plenoptics, a special set of 
optical elements is employed to collect and record image data 
(of an object) that can be processed to emulate three-dimen 
sional images, from various angles, of the object. The typical 
set of optical elements for recording plenoptic images 
includes, a main lens, Which can effectively be a simple round 
lens, a lenticular grating, and a recording device, having pixel 
siZed photosensitive photosensors arranged so that multiple 
pixel areas correspond to different locations Within each len 
ticule. Image data from particular subsets of photosensors is 
selected, and the image data from the subsets is suitably 
processed; in this Way, images corresponding different to 
vieWing angles relative to an object can be obtained, substan 
tially Without ever moving the elements relative to the object. 
Some documents describing the rudiments of plenoptic 
image recording include US. Pat. Nos. 5,076,687 and 7,038, 
1 84. 

[0004] A challenge in the art of o?ice equipment is the 
accurate digital recording (such as for copying or scanning) of 
original images from bound books or other odd-shaped origi 
nals, such as packages. Ideally, an image-bearing sheet 
should be in full contact With a platen, so that all portions of 
the sheet can be predictably focused upon. With an open, 
bound book, hoWever, very often the portion of any page near 
the binding Will not be in contact With the platen, and Will thus 
be out of focus With regard to the optical elements in the 
copier or scanner, resulting in a distorted, improperly illumi 
nated, and unfocused portion of the image. Many approaches 
have been tried to overcome this dif?culty, including apply 
ing special calculations to the recorded digital data (Which 
may require multiple scans of the original image), as shoWn in 
US. Pat. Nos. 6,763,141 and 7,170,644. 
[0005] A challenge in the art of printing equipment is the 
accurate digital recording (such as for copying or scanning) of 
original images on sheets moving at high speed through a 
baf?e. At high speeds the sheet is often not urged against one 
side of the baf?e, such as a side having a WindoW therein. 
Thus, a photosensor array recording images on the sheets may 
not be able to focus on a predictable Zone Within the baf?e. 

[0006] US. Pat. Nos. 5,521,695 and 6,969,003, and the 
article by Ng and Hanrahan, “Digital Correction of Lens 
Aberrations in Light Field Photography,” Optical Design 
Conference 2006, SPIE Vol. 6342, each describe techniques, 
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using approaches similar to those used in plenoptics, to 
improve the depth of ?eld and other optical qualities of lens 
systems. 

SUMMARY 

[0007] According to one aspect, there is provided a system 
for recording an image as digital data, comprising a photo 
sensor array; a plenoptic set, including a main lens and a 
lenticular grating, the plenoptic set being disposed to convey 
light from the image to the photosensor array, to enable the 
photosensor array to obtain plenoptic image data from the 
sheet; and means for selecting, from a set of plenoptic image 
data associated With an image, a subset of the plenoptic image 
data and an algorithm for combining the selected subset of 
image data to obtain image data for a focused image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a simpli?ed elevational vieW of a platen 
and associated optics and image-processing system, as Would 
be found in a digital scanner or copier, scanning an image 
from a page ofan open book. 
[0009] FIG. 2 is an adaptation of FIG. 3B from US. Pat. 
No. 5,076,687, With the reference numbers adapted to be 
consistent With FIG. 1 of the present application. 
[0010] FIG. 3 is a ?owchart of the operation of a scanner 
that records plenoptic image data and derives therefrom 
focused image data suitable for recording. 
[0011] FIG. 4 shoWs an example “WindoW,” as Would 
appear on a computer screen, pursuant to an operation in FIG. 
3. 

[0012] FIG. 5 is a simple diagram shoWing another appli 
cation of a plenoptic-based system. 

DETAILED DESCRIPTION 

[0013] FIG. 1 is a simpli?ed elevational vieW of a platen 
and associated optics and image-processing system, as Would 
be found in a digital scanner or copier, scanning an image 
from a page P of an open book B. The open book is supported 
on a platen 10; light emitted from a lamp 12 passes through 
platen 10 and is re?ected by the surface of page P. The light 
re?ected from page P, Which embodies image data to be 
recorded, passes again through platen 10, is re?ected by mir 
ror 14, and then passes through a main lens 20 and lenticular 
grating 22, details of Which Will be described beloW. The light 
is then recorded as digital signals by photosensors in photo 
sensor array 3 0. In atypical scanner or digital copier, the lamp 
12, mirror 14 and main lens 20 are mounted on a mechanical 

arrangement (not shoWn) that Will cause a desired focus to be 
maintained as the elements move relative to the platen 10 to 
record the entire page image. 
[0014] As can be seen in the Figure, in the case of the open 
book B, a portion of the page P near the book binding is not in 
contact With the top surface of platen 10. As such, in a basic 
case, maintaining focus and illumination on the non-contact 
ing portion of page P is a challenge if a “?at” image, With 
uniform illumination and focus, is desired. 
[0015] FIG. 2 is an adaptation of FIG. 3B from US. Pat. 
No. 5,076,687, With the reference numbers adapted to be 
consistent With FIG. 1 of the present application. For a par 
ticular target location P such as on a book B shoWn in FIG. 1, 
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the simple lens 20 focuses re?ected light onto lenticular grat 
ing 22. Each lenticule in grating 22 is associated, in this case, 
With three photosensors, here indicated as x, y, Z for each 
lenticule. Because of the refractive properties of each lenti 
cule, each of the three photosensors associated With each 
lenticule Will respond With different signal magnitudes 
depending on the exact distance to P and location of lens 20: 
as used herein, all of the data associated With all of the 
lenticules of interest Will be called the “plenoptic” image 
data. In various possible embodiments, the lenticules in the 
grating 22 are typically substantially cylindrical, With a hori 
Zontal or vertical orientation in the vieW of FIG. 1, although 
other “gratings,” such as using ?y’s-eye optics, are possible. 
Any combination of optical elements helpful in obtaining 
plenoptic image data, such as a simple lens and a grating of 
any kind, can be called a “plenoptic set.” 

[0016] As described in detail in the ’687 patent (especially 
With regard to FIGS. 6A and 6B thereof), by selecting a 
Weighted set of signal values from different photosensors 
associated With each lenticule, a “correct” object distance to 
a target such as P can be calculated; further, With the correct 
object distance, a subset of the plenoptic image data (the term 
“subset” including any Weighted selection of signals of any or 
all photosensors of interest) can be used to obtain a focused 
image from the plenoptic data. In brief, a set of plenoptic data 
is taken from all the photosensors associated With all the 
lenticules of interest; by selecting a subset of the plenoptic 
data and processing it accordingly, image data consistent With 
a focused image can be obtained after the image data is 
recorded. 

[0017] FIG. 3 is a ?owchart of the operation of a scanner 
that records plenoptic image data and derives therefrom 
focused image data suitable for recording. The ?owchart of 
FIG. 3 can be adapted for processing of entire page images, or 
can be adapted to operate in real time as, for example, the 
mirror 14 of FIG. 1 or equivalent structure moves relative to 
platen 10 as a single hard-copy image is recorded. When 
operating on individual scanlines being recorded as mirror 14 
moves relative to the platen 10, each location P as shoWn in 
FIG. 2 Will correspond to a line being vieWed by photosensor 
array 30 via mirror 14 at a given time. 

[0018] At step 300 in FIG. 3, the plenoptic image data is 
obtained from photosensor array 30. The photosensor array 
30, as shoWn in FIG. 1, includes a plurality of photosensors 
associated With each of a plurality of lenticules in a lenticular 
grating 22. The plenoptic image data from photo sensor array 
30 (Whether as a full page image or just one scanline) in raW 
form Will include signals from every photosensor associated 
With every lenticule in the grating 22. As Will be described in 
detail beloW, and in further detail in the patents incorporated 
by reference above, the raW data Will eventually be subjected 
to a selection process in Which Weighted values of the raW 
signals are selected to contribute to a set of image data to be 
recorded. 

[0019] In this embodiment, simultaneous With the record 
ing of plenoptic data, a recording is made of the effective 
position of the scanning array (in the FIG. 1 embodiment, the 
exact position of mirror 14) When a particular scanline of the 
image is being recorded, as shoWn at step 302. As can be seen 
in FIG. 1, as mirror 14 moves relative to platen 10, different 
portions of the book Will be “looked at” through time; and, in 
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the illustrated example, the portions of page P not in contact 
With the platen 10 Will present different focal distances, illu 
mination, and angles relative to mirror 14 and photosensor 
array 30: these changes in focal distances, illumination, and 
angles Will affect the selection of data from the plenoptic data, 
as Will be described in detail beloW. 

[0020] Once the plenoptic image data is obtained, the data 
(either one scanline at a time, or as a ?le for an entire page 

image) is subject to a selection algorithm, that takes into 
account a determined focal distance to one or more locations 

P, and, in turn, selects a subset of the plenoptic data consistent 
With a focused image, as shoWn at step 304. 

[0021] The precise nature of the selection algorithm, shoWn 
at step 306, for obtaining a focused image from a particular 
scanline or portion of an image associated With a given loca 
tion P can be informed by various inputs. One possible input 
is the position of mirror 14 or equivalent structure relative to 
the platen 10 at the time of obtaining the plenoptic data for a 
given scanline. The relationship betWeen a given position of 
mirror 14, such as shoWn at 302, and the position, illumina 
tion, and angle of a particular target P can, in some instances, 
be described as a continuous function, particularly in the case 
of the book scanning example shoWn in FIG. 1. A system can 
derive data from previous scans of the same book as a starting 

point for determining the curvature of a book or other object 
for a current scan: an initial estimation of the curvature is used 

?rst to locate the exact location of a target P for a particular 
position of mirror 14, and then used to in?uence the selection 
of plenoptic data for a desired ?nal image. 

[0022] Another source of input data in?uencing the selec 
tion of a subset of plenoptic-data can be human judgment, as 
shoWn as 308 in FIG. 3. There can be provided, either asso 

ciated With an input scanner, or in an of?ine environment, a 
user interface in Which plenoptic data associated With a 
scanned image can be vieWed and manipulated. An example 
“Window,” as Would appear on a computer screen, is shoWn in 
FIG. 4. A graphical utility alloWs a portion of the scanned 
image data to be isolated Within a boundary B, as shoWn; and 
Within boundary B, a user can, via softWare, manipulate a 
selection of plenoptic data associated With the image Within 
boundary B to be consistent With various possible object 
distances to the target P. In other Words, a user in effect “turns 
a knob” to sample and vieW subsets of plenoptic data consis 
tent With different object distances: When the virtual object 
distance, manifest in a particular selection algorithm of the 
plenoptic data, is consistent With the actual object distance of 
the small area When the image Was originally plenoptically 
scanned, the resulting subset of selected data Will appear to be 
in focus. Further, once one bounded area such as B of the 

image is thus “focused,” the selection algorithm used to 
obtain the focused image can in?uence the selection algo 
rithm for areas neighboring the bounded area, particularly if 
it can be assumed that the surface of interest is substantially 
continuously curved. 
[0023] Human judgment can be applied in a similar Way 
With respect to illumination: a user can isolate an area in 

boundary B and in effect turn a knob to alter image brightness 
or contrast to a desired level, or to be consistent With neigh 
boring areas in the image. 
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[0024] Instead of relying on human input to determine 
Whether a particular set of plenoptic data is consistent With a 
focused image, some techniques generally known from the 
art of image processing can be applied to the plenoptic data to 
determine Whether a certain subset of the plenoptic data is 
consistent With a focused image. In the case of a text image, 
for example, algorithms are knoWn to determine “sharp” 
changes in contrast as Would be found in sharply-focused 
edges of characters. Such an algorithm could be applied to 
each of a series of subsets of plenoptic data, such as consistent 
With different object distances, until a “best focus” subset of 
data is identi?ed. 

[0025] FIG. 5 is a simple diagram shoWing another appli 
cation of the plenoptic-based system described above, in the 
context of recording images on sheets that are moving 
through a baf?e at high speed. When a sheet such as S moves 
through a baf?e 500 as shoWn, the surface of the sheet cannot 
be pressed neatly against a platen or WindoW 502 on the side 
of the baf?e, but rather “?oats” Within the baf?e so that 
focusing on the surface of the sheet is di?icult. As shoWn 
herein, the optics (analogous to the similarly-numbered ele 
ments described above) can gather plenoptic data in a “snap 
shot” from the moving sheet, and then the focused image can 
be obtained from the plenoptic data at a later time, using most 
of the techniques shoWn in FIG. 3 above. The principle shoWn 
in FIG. 4 can be applied to recording an image on the surface 
of a belt, such as a photoreceptor belt used in xerography or an 
intermediate belt used in various forms of printing, Which is 
moving at high speed and is thus vibrating or otherWise mov 
ing in an unpredictable Way. 
[0026] A practical advantage of the above-described sys 
tem in the context of o?ice equipment is that only one scan 
ning operation is required: all of the selection of the correct 
subset of plenoptic data for obtaining a focused image takes 
place after the plenoptic data is collected in effectively one 
scan. Various prior art systems tend to require a “prescan” of 
an image-bearing object, such as an open book, so that the 
system can “leam” the contours of the image-bearing surface. 
With the present system, once the plenoptic image data is 
initially recorded, it can be stored inde?nitely until it is 
desired to obtain a focused or-better-focused image, by selec 
tion of the best subset of the plenoptic image data. 

[0027] Although the illustrations and description relate to a 
monochrome scanning system, the teachings herein can 
readily be applied to a color system, Wherein separate sets of 
photosensors such as 30 are respectively dedicated to record 
ing different color separations. 
[0028] The claims, as originally presented and as they may 
be amended, encompass variations, alternatives, modi?ca 
tions, improvements, equivalents, and substantial equivalents 
of the embodiments and teachings disclosed herein, including 
those that are presently unforeseen or unappreciated, and that, 
for example, may arise from applicants/patentees and others. 
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What is claimed is: 
1. A system for recording an image on a sheet as digital 

data, comprising: 
a photosensor array; 
a plenoptic set, including a main lens and a lenticular 

grating, the plenoptic set being disposed to convey light 
from the sheet to the photosensor array, to enable the 
photosensor array to obtain plenoptic image data from 
the sheet; and 

means for selecting, from a set of plenoptic image data 
associated With an image, a subset of the plenoptic 
image data and an algorithm for combining the selected 
subset of image data to obtain image data for a focused 
image. 

2. The system of claim 1, the lenticular grating including a 
plurality of lenticules, each lenticule corresponding to a plu 
rality of photosensors in the photosensor array. 

3. The system of claim 2, each lenticule comprising a 
substantially cylindrical lens. 

4. The system of claim 1, further comprising a platen for 
supporting an item bearing an image to be recorded. 

5. The system of claim 4, further comprising a mirror for 
directing light re?ected from the image toWard the photo sen 
sor array, the mirror being movable relative to the platen to 
direct light corresponding to a scanline toWard the photosen 
sor array. 

6. The system of claim 5, the main lens being interposed 
betWeen the mirror and the photo sensor array. 

7. The system of claim 1, further comprising a baf?e for 
conveying a moving sheet bearing the image, and Wherein the 
plenoptic set receives light re?ected from the moving sheet. 

8. The system of claim 1, the algorithm including as an 
input data relating to an effective position of the photosensor 
array relative to a location on the sheet. 

9. The system of claim 1, the algorithm including as an 
input data derived from a human inspection of a subset of the 
plenoptic image data. 

10. The system of claim 1, further comprising 
means for displaying images consistent With each of a 

plurality of selected subsets of plenoptic image data, 
each subset being consistent With a predetermined 
object distance. 

11. The system of claim 1, further comprising 
means for selecting one of a plurality of selected subsets of 

plenoptic image data, each subset being consistent With 
a predetermined object distance. 

12. The system of claim 11, the means for selecting one of 
a plurality of selected subsets of plenoptic image data includ 
ing means for applying an algorithm for determining an 
extent a subset of plenoptic image data is consistent With a 
focused image. 


